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is presented in Figure 2. 

LhoZr c~ntrsls  set into ths positions desired to be investigated,. 
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TABLE I.- CORRESPONDING FULL-SCALE DIMENSIONAL 

CHARACTERISTICS OF A FIGHTER MODEL 

Wing span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  50.35 
Length. over.al1. f t  . . . . . . . . . . . . . . . . . . . . . .  44.70 

Wing : 
Area. sq ft . . . . . . . . . . . . . . . . . . . . . . . . .  425.0 
Section. root . . . . . . . . . . . . . . . . . . . .  NACA 65112-213 
Section. t i p  . . . . . . . . . . . . . . . . . . . .  NACA 65112-213 
Root-chord incidence. deg . . . . . . . . . . . . . . . . . . .  2.5 
Tip-chord incidence. deg . . . . . . . . . . . . . . . . . . .  2.5 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  6.0 
Sweepback of leading edge of wing. deg . . . . . . . . . . . .  0 
Dihedral. leading-edge chord l ine .  deg . . . . . . . . . . . .  6.0 
Mean aerodynamic chord. i n  . . . . . . . . . . . . . . . . . .  115.00 
Leading edge of mean aerodynamic chord rearward of leading 

edge of wing. i n  . . . . . . . . . . . . . . . . . . . . . . .  0 

Flaps : 
Chord. percent of wing chord . . . . . . . . . . . . . . . . .  18.75 
Area (rearward of hinge l i n e ) .  percent of wing area . . . . . .  12.55 
span. percent o f  wing span . . . . . . . . . . . . . . . . . .  44.0 

Ailerons : 
Chord. percent of wing chord . . . . . . . . . . . . . . . . .  20.00 

span. percent of wing span . . . . . . . . . . . . . . . . . .  44.8 
Area (rearward of hinge l i n e ) .  percent of wing area . . . . . .  5.90 

Horizontal t a i l  surfaces: 
Total  area. s q  f t  . . . . . . . . . . . . . . . . . . . . . . .  108.0 
Span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  23.33 
Elevator area (rearward of hinge l i n e ) .  sq f t  . . . . . . . . .  30.0 
Distance from normal center of gravity t o  elevator hinge l i ne  . . . . . . . . .  22.95 (o r ig ina l  locat ion of horizontal  t a i l ) .  f t  

Vert ical  t a i l  surfaces: 
Total  area. sq ft . . . . . . . . . . . . . . . . . . . . . . .  
Rudder area (rearward of hinge l i ne ) .  sq f't . . . . . . . . . .  
Distance from normal center of gravi ty  t o  top of rudder 

36.0 
13.2 

hinge l ine.  f t  . . . . . . . . . . . . . . . . . . . . . . .  23.05 
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TABLE IV.- TAIL-DAMPIXG POWER FACTORS FOR THE VARIOUS TAIL 

CONFIGURATIONS TESTED ON A FIGHTER MODEL 

TO Cage 
--f 

TDR = F L ~  

m 
l2 

\ 
\ a1 

45O 
\ 
\ 

URVC = 

TDPF = (URVC)(TDR) 

a, assumed t o  be 30 (see 
0 

reference U) 

[odif icat ion 

None 

1 

2 

3 

4 

5 

6 

7 
- 

Figure 

(a>  

9 

10 

10 

11 

11 

11 

12 

Unshielded rudder 
volume coefficient, 

URVC 

(b) 

0.00948 

.01500 

,00948 

.00948 

.01870 

,00948 

.00948 

,00948 

T a i  1 -damping 
rat  io, 

TDR 

( b )  

0.0292 

.0243 

a 0454 

.0464 

.0292 

.0292 

e 0292 

.0288 

&Figure i n  which modification i s  shown. 
%slue as computed by methods o f  reference 11. 

? 

T a i l  - damping 
power factor, 

TDPF 
(bl 

0.000277 

.000364 

.000431 

.000440 

.000546 

000277 

.000277 

.000273 



TABU V.- COMPARISON OF AJ?PROXIMAm SPIN RADII AND SIDESLIP 

Test 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
l.2 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

A N G U S  'IIESTED AND SPIN RADII AND SIDESLIP A N G U S  

CALCULATED FROM MEASURED A?3RODYHAMIC FORCES 

8.53 
2.69 
8.08 
5.27 
2.71 
9.18 
3.44 
6.62 
4.58 
4.95 
h .  48 
3.53 
11.24 
7.74 
6.59 
6.19 
7.32 
6.05 
3.81 
5.06 

6.78 
3.10 

4.08 
4.05 
5.46 
6.51 

2.70 
2.48 
3.02 
4.99 
3.64 

13 * 50 

7.57 
2.24 
4.61 
2.37 
2.58 
4.64 
2.11 
3.30 
4.95 
5.80 

3.55 
6.92 
6.99 
4.99 
4.77 
5.72 
3.66 
2.84 
4.38 
2.44 
6.47 
3.00 
2.10 
5.09 ' 
3-97 
9.28 
1.43 
1.55 
4.72 
6.85 
3.10 

7 -IT 3.10 

0 

0 
0 
0 
0 
-5.0 
-1.7 
0 
0 
3.1 
-3.0 
0 
2.6 
2.8 
2.2 
2.7 
0 
-3.3 
-3.9 
0 
2.3 
-3.1 
-2.8 
0 
0 
-3.7 
-6.7 
-6.3 
-2.8 
-1.7 
0 

-4.9 
-5.2 
-1.4 
-6.5 
-6.1 
-.2 
-4.4 
-1.0 
-3.4 
-4.2 
-3.9 
2.6 
07 

-3.7 
-5.4 
-3.8 
-4.1 
-4.6 
-5.8 
-4.5 
-1.6 
-5.0 
-6.8 
-4.2 
-2 -9 

-6.7 
-3.0 - ..3 
-1.2 
-05 
-4.8 
-7.2 

-3.2 

PC, 

( a) 

-4.8 
-1.0 
-6.1 
-5.0 
-.l 
-2.0 
-.l 
-1.5 
-4.5 
-4.4 
3.4 
-.6 
-2.0 
-5.0 
-2.9 
-3.3 
-3.7 
-4.3 
-3.8 
-1.2 
-4.4 
-6.6 
-3.5 
-1.4 
-3.0 
-5.3 
-1.4 
-e6 
-95 
-1.6 
-5.8 
-6.7 

Angles between the 
Z body axis and 
r e su l t an t  force 

(4 
Angle i n  
XZ-plane 

3.1 
.9 
1.9 
2.8 
2.1 
3.6 
*7 
4.5 
4.9 
3.4 
4.8 
3.8 
5.4 
4.3 
3.5 
5.3 
5.4 
6.2 
4.9 
4.6 
5-2 
79 6 
4.9 
5.2 
1.9 
3.6 
2.3 
.8 
.4 
0 
3.1 
2.8 

4 
&Values based on the measured aerodynamic forces .  

\ 

Angle i n  
YZ-plaae 

1.7 
2.3 
1.2 
1.1 
2.2 
0 
2.0 
1.3 
*5 
1.0 
2.1 
1.9 
.8 
2.1 
2.2 
2 .o 
1.8 
.1 
.8 
1.6 
.5 
1.0 
1.5 
1.2 
.1 

1.3 
2.0 
3.0 
3.1 
2.3 
.3 
.4 



. 
Test 

1 

2 

3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

TABLE VI.- THE EF'FECT OF RUDDER RFVERSAL ON TBE NUMBER OF !CInUiS FOX RECOVERY AND ON THE 

AERODYNAMIC FORCE AND MOMENT COEFFlCIENTS OF A FIGaPER MODEL I N  A SPIN 

@efficient increments obtained by se t t ing  the rudder from full with t o  full against the - 
spin; recoveries attempted by rapid fill rudder reversal  except as indicate 

i s c a l e  model 10 

X X  

-0.0016 

.0068 

.0031 

-.0005 

.0019 

.0021 

.0097 

.0048 

.0036 

- .0035 
- .0070 

-.0071 

-.0066 

-.0054 

- .0090 

-.0102 

0 

.om2 

.0065 

.0021 

.00O4 

.0084 

.0153 

.0069 

.a015 

0 

0 

.0011 

.Om4 

.0009 

.0052 

.0015 

acy 
-0.0059 

-.om1 
.0013 

.0048 

. o m  

- .0038 

0 

.Ol@ 

.0100 

.0165 

.025Q 

.0226 

.0330 

.0478 

.0501 

.0422 

.Ob32 

-.0034 

.0012 

.m49 

.oil5 

- .0070 

.0066 

. m92 

-.0O31 

- .WlO 

- .m21 
.0024 

- .0005 
- .ooo6 

.mob 

-.0058 

E 2  

-0 * 002 

.010 

-.012 

- .018 

.012 

-.033 

-006 

- .on 

.014 

.015 

.017 

-.032 

.045 

.016 

.020 

.029 

.038 

-.010 

-.oo6 

.a23 

-.058 

.023 

-.003 

-.034 

.008 

.010 

-.oo6 

.011 

- .019 
.083 

-.025 

.012 

0.0015 

.0007 

.0022 

.0022 

.0003 

.0010 

.0008 

.0017 

.0012 

.0013 

.0004 

.0031 

.0018 

.0031 

.0020 

,0013 

.m28 

.OO& 

.0002 

.W14 

.0013 

.0033 

.0008 

.0022 

.0003 

.0003 

.0007 

.0011 

.0004 

.0007 

.0011 

.0015 

E m  

-0.0011 

-.0054 

-.0036 

-.0046 

-.0001 

- .0029 

- .0078 

-.0014 

-.0026 

- .0018 
.0052 

- .0030 
.0062 

.0084 

.0067 

.0121 

.0089 

-.0004 

- .0052 
- .0077 

- .0088 

-.0001 

-.OW3 

- .0070 
.0018 

.0008 

-.ooo6 

- .0003 
- .0038 
.0020 

-.0084 

- .0070 

E n  

0.0028 

-.0014 

.0031 

- .0027 

- .0007 

- .0030 

- .om9 

-.0047 

-.0055 

- .0053 
-.oil9 

-.0069 

-.0120 

- .0179 

-.0196 

-.oi66 

- .0161 
.0038 

-.0024 

- .0021 
-.0040 

- .0008 

- .0030 
- .0032 

.0003 

.0032 

.0017 

-.0043 

- .0012 
.0009 

- .0011 

- .0018 

&-scale model 

Turns for 
recoveq  

>10 

211 

>9 

>8 

74 

$ 
>2, >23 

2, 12 

2, 2; 

4 

2 4  

4 

4 

>3, >3;, al$ 

2; 

1 
4 
- 

1 
1st 2 

11 4 
1, 1 

2 4  

>11 

71 4 

6 9  6 

&, 23 

8 

>% 
3 

>10 

>3 

>8 

>10 

>5 

A 3  
>5 

2, + 
>10 

aRecovery attempted by simultaneous reversal  of rudder from f u l l  with t o  213 against the spin and elevator from 213 up t o  
113 110~11. 
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TABU V I 1 . -  THE EFFECT OF UNSHIELDING THE VERTICAL TAIL BY 

HORIZONTAL-TAIL MOVEMENT ON THE AERODYNAMIC FORCE AND 

MOMENT COEZ'FICIENTS OF A FIGHTEX MODEL IN A SPIN 

Foeff i c i e n t  increments obtained by moving the  horizontal  
t a i l  1-5 in.  ( fu l l - s ca l e )  rearward from the o r ig ina l  
posit ion; rudder f u l l  with the  spin] 

Test 

1 

3 

25 

26 

27 

28 

29 

30 

3 1  

32 

-0.0016 

- e 0064 

- .0990 

-. 0300 

- .0102 

-. 0240 

- .0210 
- ,0264 

- ,0189 

- .0415 

-0 e 0176 

* 0037 

* 0053 

.0004 

,0017 

.0069 

e 0198 

.0164 

. 0077 

.0208 

0.018 

.010 

- .045 

- .022 

- 019 

- .074 

- .026 

* 053 

- ,070 

- .058 

N l  

-0 e 0162 

- .0026 

- .0020 

_____- 

- ,0027 

- .0011 
- e 0017 

- e 0021 

* 0035 

- .0028 

.0038 - 

-0.0018 

- * 0040 

- .0130 

- ,0046 

- .0094 

- e 0189 

- .0155 

- .0067 

- .0128 

- .0096 

ACn 

o e 0005 

.0007 

.0036 

a 0041 

.0020 

,0025 

-. 0039 

* 0035 

- ,0039 

- 0069 



TABU V I I I .  - TIE EFFECT OF UMSHIELDING THE VERTICAL TAIL 

ON RUDDER-REVERSAL EFFECTrVENESS OM A 

FIGHTER MODEL IN A SPIN 
rc. 

[Coefficient increments obtained by reversing the  rudder 
from f u l l  with t o  f u l l  against  the s p i d  

Test 

1 

3 

25 

26 

27 

28 

29 

30 

3 1  

32 

Horizontal t a i l  i n  
o r ig ina l  pos i t ion  

-0 e 0059 

0013 

-. 0031 

- . 0010 

- .0021 

.0024 

- .0005 

- e 0006 

.0006 

- .0058 

*Cn 

0.0028 

.0031 

,0003 

.0032 

e 0017 

- -0043 

- .0012 
.0009 

- e 0011 

- e 0018 

Horizontal t a i l  i n  
rearward posi t ion 

0.0083 

.0123 

0 

.0012 

.0009 

-0233 

* 0053 

.0066 

.0107 

.0171 

-0.0031 

-. 0040 

- ,0016 

- .0006 

,0003 

- .0088 

- .0037 

- .0024 

- ,0053 

- e  0027 
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L-64907 
Figure 1.- I l l u s t r a t i o n  of an airplane i n  a steady spin.  Arrows indicate 

posi t ive direct ions of forces  and moments along and about the body 
axes of the  a i rp lane .  



i 

Figure 2.- The spinning model i s  supported i n  the  tunnel by the v e r t i c a l l y  
r i s i n g  a i r  current and the character of the  spin i s  recorded by means 
of motion pictures .  One of the three operators launches the model i n to  
the tunnel, a second operator controls  the a i r  speed and the  th i rd  
operates the camera. 



A Rotary arm F Cables 
B Vertical member G Horizontal supporting arm 
C Slip rings and brushes H Spin-radius setting arm 
D Drive shaft I Model-attitude setting block 
E Counterweights J Strain-gage balance 

X Wind direction 
L-64905 

Figure3.- The ro ta ry  balance in the Langley 20-foot free-spinning tunnel. 



6 

A Normal-force beam 
B Longitudinal-force beam 
C Lateral-force beam 
D Rolling-moment beam 
E Pitching-moment beam 
F Yawing-moment beam 

T$-ziy- 
L-64906 

. -  Illustration of the six-component strain-gage balance. 
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Figure 6 .- Drawing of the -- I sca le  model of a fighter airplane as t e s t ed  

10 
on the  rotary Sa lmce .  

incidence, 1' leading edge up. 
normal loading. 

Wing incidence, 2L0 leading edge up; s t a b i l i z e r  
2 

Center-of-gravity posit ion shown f o r  
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Landing condition 

External wing fue l  tanks in s t a l l ed  

scale  model of a f igh te r  a i rplane in  the landing 

condition and with external  wing f u e l  tanks in s t a l l ed .  
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Figure10.- The -- scale  model of a f igh te r  a i rplane mounted on t h e  rotary 

balance i n  the Langley 20-foot free-spinning tunnel.  



.- Photograph of the -- sca le  model of a f i g h t e r  a i rp lane  spinning 
20 

i n  the Langley 20-foot free-spinning tunnel.  
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- - -Modified 

Figure 82.- Original and modified longitudinal positions of horizontal tail 
1 1 
20 10 

tested on the -- scale and -- scale models of a fighter airplane. 

Dimensions are full-scale. 



\-----L--- I \  

I _  

\ 





3 

QI 
h 

1 

b 
P 



(a) Moment-of-inertia gear. 
L- 507 54 

(b) Center-of-gravity gear. 

Figure B 8 - Moment-of-inertia and center-of-gravity gear e 

L-50159 
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NACA-Langley - 9-1-50 - &kl 



_ -  

Body X 

_I Wmd P x 

L-5639 8 
Figure 20.- I l l u s t r a t i o n  of several  systems of axes with r e l a t i o n  t o  a 

spinning airplane.  Body, wind, and ea r th  axes a re  shown. 


